Hematologic examinations, osmotic fragility tests, and scanning electron microscopy of erythrocytes were done on blood of dogs given 5 mg/kg of P-acetylphenylhydrazine for 5 weeks. Reticulocytes, Heinz bodies, and serum total bilirubin values increased in the 1st week. Reticulocyte numbers peaked in the 2nd week, and reticulocytosis persisted through the 5th week. Erythrocyte, packed cell volume, and hemoglobin values decreased markedly and became lowest in the 2nd week. Mean corpuscular volume increased in the 1 st week and remained increased for the duration of treatment. Erythrocyte osmotic fragility was increased after 1 week of treatment. Echinocytes were increased with a peak level of 47.6% at week 1 of treatment. Increased numbers of acanthocytes and schizocytes also were detected.
Morphological changes of erythrocytes seen in various hemolytic anemia~~~JO have been experimentally induced by the administration of drugs.13 p-acetylphenylhydrazine, an oxidative drug and an inducer of hemolytic anemia with Heinz bodies, is known to produce pathological erythrocytes in dogs. 1 3~1 5~1 8 This study investigates hemolytic anemia of dogs given p-acetylphenylhydrazine for 5 weeks.
Materials and Methods
Twelve healthy adult mongrel dogs, each weighing about 10 kg, were given P-acetylphenylhydrazine orally, 5 mg/kg13 in gelatin capsules, once a day in the morning for 5 weeks. Blood samples were taken from the jugular vein once a week.
Erythrocytes (Coulter counter model D), packed cell volume (PCV microhematocrit method), hemoglobin (Hb: SLS hemoglobin method), Heinz body (new methylene blue staining method), and serum total bilirubin (alkaline azobilirubin method) were determined once a week. Mean corpuscular volume (MCV) and mean corpuscular hemoglobin concentration (MCHC) were calculated using erythrocyte counts, PCV, and hemoglobin concentration. Erythrocyte osmotic fragility was tested with three dogs in the 1st and 2nd week by the Parpart's method."
For scanning electron microscopy (SEM), blood taken from 12 dogs at preadministration, and the 1 st and 2nd week, and from six dogs in the 3rd, 4th, and 5th week, was examined. A few drops of fresh blood were mixed with 1% glutaraldehyde in 0.1 M phosphate buffer (pH 7.4). After 4 hours at 4 C the suspension was maintained for 30 min at room temperature. The fixed cells were rinsed and dehydrated in a graded ethanol. Critical point-dried samples were coated with gold and observed in an SEM (JSM-25s; JEOL) at an accelerating voltage of 15 kV.
Pathological erythrocytes were classified according to the nomenclature proposed by BessisZd and Hattori.11J2 Differentiation of pathological erythrocytes was undertaken by counting 200 erythrocytes in SEM photographs taken at a magnification of 1,500 x on five randomly selected areas in each sample.
Data were compared between preadministration and each week of the administration using Duncan's multiple range test, or Ryan's test in cases of holding homoscedasticity, and Aspin-Welch's test in cases not homoscedastic.
Results
Reticulocytes, Heinz bodies, and serum total bilirubin increased in the 1 st week (Table 1) . Reticulocytes peaked the 2nd week, and reticulocytosis persisted through the 5th week. Erythrocyte count, packed cell volume (PCV), and hemoglobin (Hb) values decreased markedly and became lowest in the 2nd week. Mean corpuscular volume (MCV) increased in the 1st week and remained at nearly the same level after the 2nd week.
Erythrocyte osmotic fragility was increased in the 1st week. Erythrocytes collected in the 2nd week osmotically were more stable than cells tested prior to treatment ( Fig. 1 ). Osmotic fragility curves were similar in all three tested dogs. Normal erythrocytes (Fig. 2 ) decreased, and pathological erythrocytes increased markedly after treatment ( Fig. 3) . Echinocytes, the most frequent pathological erythrocytes, had short spicules over their surface in numbers that were greater than acanthocytes ( Fig. 4) . sometimes large pits on the surface (Fig. 6) . Schizocytes were fractured erythrocytes ( Fig. 7) . Erythrocytes with a spherical body had a spherical wart-like protrusion attached by a stalk at their margin ( Fig. 8) . Knizocytes were triconcave erythrocytes ( Fig. 9 ). Stomatocytes were cup-shaped erythrocytes (Fig. 10) . Target cells had a hemispherical protrusion at their center (Fig. 11) .
In contrast to normal erythrocytes, the percentages of pathological erythrocytes increased markedly in the 1st week and decreased after the 2nd week (Table 2) . Echinocytes were most frequent with statistically significant differences in the 1 st and 2nd week. Significant changes also were detected for acanthocytes and schizocytes.
Discussion
Hemolysis appeared to be most severe in the 1st week of treatment with decreases in erythrocyte count, packed cell volume (PCV), and hemoglobin (Hb) concentration, and increased serum total bilirubin level.' Increased mean corpuscular volume (MCV) could be explained by the increase of reticulocytes.20 The maximum reticulocyte count and the minimum erythrocyte count were the same in the 2nd week. With the administration of 0-acetylphenylhydrazine, aged erythrocytes are destroyed, and hemolytic anemia with Heinz body formation develops. l5 Many Heinz bodies might be a cause of the increase of mean corpuscular hemoglobin concentration (MCHC). 20 Pathological erythrocytes seen in the present study resembled the cells seen in the hemolytic anemia of various c a u~e s .~, * J~J~-~~ Echinocytes were seen much more than any other type of pathological erythrocytes. Since hemolysis appeared to be most severe and echinocytes also increased markedly in the 1 st week, transformation of discocytes into echinocytes seemed to be the first process of hemolysis, and echinocytes were thought to be easily destroyed.
Erythrocytes transform discocytes into echinocytes in a hypo-or hypertonic m e d i~m .~ The increased osmotic fragility of erythrocytes in the 1 st week coincided with the marked increase of hemolysis and echinocyte counts. While many echinocytes were seen in the 1st week, they decreased markedly in the 2nd week. Rapid appearance and disappearance of echinocytes may be evidence that the majority are destroyed.
In hemolysis by the abnormal metabolism of the erythrocyte membrane, discocytic erythrocytes transform via stomatocytes or e c h i n o~y t e s .~.~,~,~,~~ Since echinocytes were seen much more than stomatocytes in the present study, echinocyte production was thought to be a main route of hemolysis induced by 0-acetylphenylhydrazine administration.
Reticulocytes sometimes resemble other types of pathological erythrocytes, such as stomatocytes and even discocytes.12 Small or large pits on the surface of cells were characteristic of reticulocytes, differing'* from other cells. Schizocytes are mechanically fragmented erythro- Fig. 10 . Fig. 11 .
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Erythrocytes with a spherical body, spherical wart-like protrusion attached by a narrow stalk at margin. Bar = Knizocytes, triconcave cells. Bar = 1 pm. Stomatocytes, cup-shaped erythrocytes (arrow). Bar = 1 pm. Target cells, hemispherical protrusion at center. Bar = 1 pm. cytes losing their e l a~t i c i t y .~,~~ Erythrocytes with Heinz bodies are caught and fragmented as they pass through the lattice structure of the spleen. 16 The increase of schizocytes indicated the occurrence of predominant fragmentation of erythrocytes.
The spherical bodies detected in some erythrocytes were similar to Heinz bodiesI4 or extruded nuclei of erythrocytes. l9 Since extruded nuclei were scarcely seen on May-Giemsa-stained blood films, and some Heinz bodies were seen on extruded buds of erythrocytes on new methylene blue-stained blood films, erythrocytes with spherical bodies seemed to be Heinz bodies.
Knizocytes are seen in certain hemolytic anemias and are produced by a hypotonic m e d i~r n .~ Target cells have been seen in patients with a mild hypochromia and can be produced by putting normal cells into slightly hypertonic p l a~m a .~
The course of hemolytic anemia or the change of osmotic pressure during the study might produce knizocytes or target cells.
While hemolysis and the increase of osmotic fragility occurred in the 1 st week, enhanced erythropoiesis and increased osmotic resistance developed in the 2nd week. Each type of pathological erythrocyte count seemed to be changed in accordance with destructive and productive processes of erythrocytes. Counts of each type of pathological erythrocytes may contribute to the differentiation of diseases with pathological erythrocytes.
